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A wind-tunnel investigation was made of a model equipped with a
60° delta wing and a 600 delta horizontal sll-movable canard control
surface to determine the stability, control, and canard-surface hinge-
moment characteristics at low speeds and at a Reynolds nuniberof
9 )(106. Two longitudinal positions of the canmd surface were tested.
Data of lift, drag, pitching moments, and canszxl-surfacehinge moments
are presented through sm angle-of-attack range of -10° to 45° and a
cansrd-surface deflection range of -5° to 20°.

The results indicated that adding a tail at zero incidence had no
appreciable effect on the lift-curve slope nesr zero singleof attack.
At higher angles of attack, the canard surface increased the lift-curve
slope until at 25° the increased lift was proportional to increased
lifting area. With either tail length and with canard-surface deflec-
tion angles of zero and greater, the csnard surface approached stall at
angles of attack which were lower than those for wing stall. For two
reasonable values of the static margin differing by about 0.06 of the
mean aerodynamic chord, the maximum trim lift coefficient changed from
about 1.4 to 1.0.

Values of the rate of change of canard-surface hinge-moment coeffi-
cient with angle of attack and canard-surface deflection angle for either
tail-length configuration were negative only through a small range of
angles near zero and were markedly positive at higher angles.
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Interest in the canard-type of aircraft continues because of possible
high-speed advantages in stability and control over the conventional type
of aircraft. The merits of canard configurations have been analyzed in
reference 1 and a considerable amount of research has been conducted on
various canard configurations (for example, refs. 2 to 7). As a result
of such research, it is generally recognized that there are problems
with the canard configuration at low speeds and in psrticul.arthere is
a lack of stability and control data at large-scale Reynolds numbers.
Also there sre few data available on hinge moments for canard control
surfaces at low speeds. Reference 8 presents canard-surface hinge
moments for a Mach number range from 0.8 to 2.0.

The purpose of the present investigation was to obtain longitudinal
stability and contr61 data and in particular horizontal-tail hinge
moments for a canard configuration at law speeds and large values of the
Reynolds nuuiber. The tests were conducted in the Langley low-turbulence
pressure tunnel on a model having a 600 delta all-movable horizontal
canard surface and a 60° delta wing mounted on a sharp-nosed, blunt-
based body of revolution having a.fineness ratio of 10.

Measurements were made of the model normsl force, chord force, and
pitching moments and horizontal-canard-surfacehinge moments for two
longitudinal locations of the canard surface at a Mach number of about
0.15 and a Reynolds number of 9 x 106 based on the mean aerodynamic
chord of the wing. The angle of attack was varied through a range from
about -10° to 45° and the canard surface was deflected through a range
of angles from -5° to 20°.

Downwash surveys of this canard configuration were reported in
reference 9 for a similar range
surface deflection.

The coordinate system used

of angles of attack and for zero canaxd-

SYMBOIS

and the directions of positive forces.
moments, and angles are shown in figure 1.

— .

CN normal-force coefficient, Normal force/q&

% longitudinal-force coefficient, Longitudinal force/q&
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pitching-moment coefficient about a
Pitching moment/qS@~

point 0.29-5 ahead of i5w/4,

lift coefficient, %’~a+%T’o’a

lift coefficient at zero pitching-moment

drag coefficient, -C!Xcosa+~ sina

canard-surface htige-moment coefficient,

coefficient

Hinge moment/qSt?!t

psrtial rate of change of hinge-moment coefficient with angle
of attack

psrtial rate of chsmge of hinge-moment coefficient wtth
cansrd-surface defection &le

totsl span of cansxd surface

total span of wing

local chord length of canard surface

local.chord length of wing

canard-surface mean aerodynamic chord,

Q.J2
wing mean aerodynamic chord, 2

J%0

free-stream dynamic pressure, >U2

cansrd-surface

wing plan-form

bt/2
2
I~.

ct2dbt

c#d~

bt/2
plan-form area, 2

f
ctdbt

o

do

free-stream velocity
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angle of attack of fuselage

angle of incidence of canard surface with respect to body axis

free-stream mass density

MODEG AND APPARATUS

The model for this investigation had a canard horizontal control
surface and a wing surface both of 60° delta plan form and NACA 65AO06
airfoil section parallel to the plane of symmetry. The wing was mounted
in a
lage

five
wing
edge

midfuselage position and at zero tncidenee with respect to the fuse-
center line (see fig. 2).

The wing had a mean aerodynamic chord of 10.53 inches and an area
times the area of the control surface. The &/4 station on the
was located at 2.18?2Wbehind the body nose. The wing trailing
was located 0.23-~ ahead of the base of the body.

The coordinates of the pointed body of revolution of fineness
ratio 10 were the same as for the closed body of fineness ratio 12
described in reference 10. The lower fineness ratio was obtained for
this investigation by removing the pointed tail of the basic body. The
resulting body length was 316 percent of the wing mean aerodynamic chord.

The mean aerodynamic chord of the all-movable cansxd surface was
4.70 inches and the hinge line was at 0.32?!t. The two longitudinal

positions of the canard surface were o%tained by moving the canard sur-
face with respect to the wing and body. For the long- and short-tail-
length configurations, the &@ positions were 1.73EW and 1.44EW ahead

of the pitch axis. The apexes of the cansrd surfaces for the long and
short tail length were 0.175W ahead and 0.12EW behind the leading point
of the basic body. The cansrd surface could be adjusted in pitch
through an angle range of wOO with respect to the body sxis. At a
cansrd-surface deflection of zero, a minimum gap of about 0.02 inch
existed between the body and canard surface aft of the hinge. This
gap, which increased with canard-surface deflection, was not sealed
for any of the tests. The nose section of the body forward of the
hinge pivoted with the canard surface. The surface discontinuity at
the ball pivot joint was not faired for any of the tests.

The tests were conducted in the Langley low-tirrbulencepressure
tunnel described in reference 1.1. The model was sting mounted in the
tunnel. The model forces and moments were measured by an internal six-
component strain-gage balance, whose pitch axis was located at 0.29~w

.
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ahead of 5w/4. An additional strain-gage balance was located internally
on the csnsrd-surface hinge line to measure hinge moments. Static-
pressure tubes on the sides of the sting and inside of the model base
were used for measuring base pressures.

TESTS

The air in the wind tunnel during the tests was compressed o
150 lb/sq in. abs to obtain a constant Reynolds nuniberof 9 x 10z

(based on the mean aerodynamic chord of the wing) at a constant Mach
nuniberof 0.15. The angle of attack was varied through a range of about
-10° to 45° in combination with a variation in csmxd-surface deflection
through sm angle range of -s” to 20°. All of the tests were for zero
sideslip angle.

For both cases of canard surface off and on, measurements were made ‘-
of the chord forces, normal forces, base ~ressures, and the pitching
moments about a point 0.29~ ahead of ?-#. Canard-surface hinge
moments were also measured.””

..

CORRECTIONS

The usual tunnel blocking corrections described in reference 1.2were
applied to all force and moment coefficients and yressure data. The
angle of attack was corrected for mdel-support deflection due to aero-
dynamic loading and was also corrected for tunnel induced upwashby the
method of reference 13. The differences in induced upwash singlesat the
wing and canard surface were also taken into account. The correction to
canmd-surface angle of incidence for cansrd-surface deflection due to
aerodynamic loading was negligibly small.

The longitudinal-force data which included the pressure force on
the base were adjusted to make the base pressure equal to the free-
stream static pressure.

RESULTS AND DISCUSSION

Lift and drag coefficients were obtained from the measured chord
and normal forces by the relations shown in the list of synibols. The
lift coefficients are plotted against angle of attack and pitching

. moment in figure 3(a) for the short tail length and in figure 3(b) for
the long tail length. The pitching moments sre also plotted against

.
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angle of attack in figure 3(a) for the short tail length and in fig-
ure 3(b) for the long tail length. Trim lift coefficients for the two
tail lengths and two values of static margin are plotted in figure 1+
against can~d-surface deflection angle. The center-of-gravity positions
for the two values of the static margin me shown in a sketch in figure 5.
Drag-lift polars are presented in figures 6(a) and 6(b) to two different
scales to clarify high and low angle-of-attack ranges. Cansxd-surface
hinge moments are plotted against a for constant values of bt in fig-

ure 7 and against bt for constant values of CL in figure 8.

Lift and Pitching Moment

For either the short or long tail length (figs. 3 (a) and 3(b)),
adding the canard surface at zero deflection angle did not appreciably
increase the lift-curve slope of the wing and body alone near zero angle
of attack in spite of the increase in lifting-surface area which amounted
to 0.20 of the wing area. This effect is probably the result of canard-
surface downwash which reduced the effective angle of attack of the wing.
At angles of attack of about 4° and higher, the lift-curve slope of the
canard surface together with the wing-bcdy combination increases over
that of the wing-body combination alone until at an angle of attack of 25°
the lifts for canard surface off end canard surface on are in proportion
to the increased lifting-surface area.

Increasing the canard-surface deflection angle caused an increased
nonlinearity of the lift-curve slope at low angles of attack. This lat-
ter effect was probably caused by the wing passing through the canard-
surface trailing vortex and to some extent by the effect of the canard-
surfaceJbody gap. Addition of the canard surface produced a marked
decrease in stability at all angles of attack below stall with the longer
tail length producing the greatest change which resulted in nearly neu-
tral.stability at the low angles of attack. The increased stability at
moderate angles of attack over that at low angles indicates that for all
positive deflections the canard surface stalls at lower angles of attack
than those at which the wtig stalls. As would be expected, the angle of
attack at which this increase in stability occurs decreases with increasing
canard-surface deflection.

A plot of trim lift coefficient against canard-surface deflection
angle is shown in figure 4 for two degrees of longitudinal stability
corresponding to two values of the zero-lift static margin (the distance
between the center of gravi@ and the zero-lift neutral point). One
static margin was chosen as the minimum requiked for neutral stability
at some trim condition and positive stability at all others. The other
more stable static margin was used to indicate
in stability on the trim-lift characteristics.

.
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With an increase in static margin of o.062&, the maximum trim lift
coefficient changes from about 1.4 to 1.0 for the short tail length and.
from about 1.3 to 1.05 for the long tail.length. The maximum lift
coefficient of the configuration without a canard surface and therefore
untrimmed was 1.17. Throughout the trim-lift rsmge for the static mar-
gins chosen, the model was stable and had no large or abrupt changes in
stability.

Through most of the canard-surface deflection range the changes in
trim lift coefficient for a given change in static margin are smaller for
the long-tail-length configuration. Also the rate of change of trim lift
coefficient with canard-surface deflection angle is smaller for the longer
tail length in the unstalled region.

A sketch of the center-of-gravity positions required for the two
values of static margin considered is shown in figure 5 for the two tail
lengths. In general, these center-of-gratity positions are forward of or
in the vicinity of the leading edge of the mean aerodynsrdc chord and, as
would be expected for equal static margins, the longer tail length requires
a center-of-gravity position forward of that for the short tail length.

Drag

Adding the csn~d surface at zero incidence for either tail-length
position increased the drag coefficient by about 0.0015 at zero lift as

. shown in figure 6. Above
surface at zero incidence
fuselage combination.

.

a lift coefficient of 0.45, - the canard
reduced the drag coefficient of the wing-

Hinge Moment

Values of the canard-surface hinge-moment coefficients about 0.35Et

for the two tail len@hs are shown in figure 7 plotted against angle of
attack for various surface deflection angles and me cross-plotted in
figure 8 for several angles of attack. As may be seen from figures 7
and 8, VahleS of C& and ~ near ..5 = O sre negative and are

slightly larger for the short tail length than for the long tail length.
For moderate increases in a and bt, however, the values of c%
tid ~ become positive anddoso atlsrger values of cc and at for

the short tail.length than for the long tail length. These appment
effects of tail length sre probably due to some differences in exposed
canard-surface area and differences in interference of the various com-
ponents on the canard surface, such as csnard-surface-body gap, model
nose, and possibly the wing itself. While there are rather sudden nega-
tive breaks in ~ and

.

-aons ‘f ‘eof at’ack”d
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.
canard-surface deflection angles that sum to about 40°, examination of
figures 3 and 4 will indicate that such a conibinationof angles is out-
side of the trim range for the static margins considered. ,

CONCLUSIONS

A wind-tunnel investigation of a model equipped with a 600 delta
wing and a 600 delta horizontal canard control surface at two tail
lengths to determine the stability, control, snd tail hinge-moment

characteristics at low speeds and at a Reynolds nurriberof 9 x 106 has
led to the following conclusions:

1. Adding the canard surface at zero deflection and at either the
long or short tail length had no appreciable effect on the lift-curve
slope near zero angle of attack but increased the lift-curve slope at
higher angles of attack, until at 250 the increased lift was propor-
tional to increased lifting area.

2. For either the long- or short-tail-length configuration at zero
or positive deflection, the canard surface stalled at angles of attack
lower than that for wing stall.

3. For two reasonable values of the static margin differing by about
0.06 of the mean aerodynamic chord, the msximum trim lift coefficient
changed from about 1.4 to 1.0 with increasing static margin. Throughout
the trim-lift range for the static margins chosen, the model was longi-
tudinally stable and had no large or abrupt changes in longitudinal
stability.

4. The rates of change of trim lift coefficient with static margin
or with canard-surface deflection angle were smaller for the longer tail
length.

5. In general, for both tail lengths and for the particular hinge
positions used, the values of the rate of change of canard-surface
hinge-moment coefficient with angle of attack and deflection angle
were negative through a small range of angles near zero but changed
msrkedl.ypositive for slightly higher angles of attack and deflection.

●

m

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

Langley Field, Vs., April 9, 1954.
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Figure 1.- The mdel system of axes. Arrows indicatepositive directions
of moments and forces.
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Figure 2.- Concluded.



(a) Short tail length.

Figure 3.- Variation of lift and mcment coefficients wfth angle of attack

for a configuration having a wing ad horizontal canard surface of

600 delta plan fo?m.
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(a) Complete lift range. .

Figure 6.. Variation of drag coefficient with lift coefficient for
a configuration having a win
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